Background: Etomidate used for the induction of general anesthesia can result in myoclonus. We tested the hypothesis that pretreatment with dexmedetomidine (Dex) reduces the incidence of etomidate-induced myoclonus during the induction of general anesthesia. Materials and methods: One hundred patients who were scheduled for selective operations under general anesthesia were included in this randomized, double-blind controlled trial. Patients were randomized to receive either Dex 0.5 µg/kg in 20 mL of normal saline or the same volume of normal saline as pretreatment agents 15 mins before the injection of etomidate 0.3 mg/kg. The primary endpoint was the incidence of etomidate-induced myoclonus. Secondary endpoints were the severity of etomidate-induced myoclonus and the incidence of adverse effects from the onset of action of Dex or normal saline to the injection of etomidate, such as dizziness, respiratory depression, bradycardia, hypotension and nausea/ vomiting. Results: All of the 100 patients completed the trial. Dex resulted in a significant 38% reduction in the number of patients who experienced etomidate-induced myoclonus: 13 (26%) vs 32 (64%) (P=0.0001). Additionally, the severity of myoclonus was also reduced in the Dex group than that in the placebo group (P=0.02). Incidence of dizziness, respiratory depression, bradycardia, hypotension and nausea/vomiting was similar in both groups. Conclusions: Pretreatment with Dex 0.5 µg/kg 15 mins before the induction of general anesthesia not only resulted in a 38% reduction in the incidence of etomidate-induced myoclonus, but also reduced the severity of myoclonus, without inducing any adverse effects.
Introduction
With a superior stable cardiovascular profile and minimal respiratory side effects compared with propofol, etomidate, a known induction agent, is used widely for general induction with different clinical features, such as the fast onset of action and a short half-life. 1, 2 Even though etomidate is considered to be a safe induction agent with low risk of hypotension, 3 it has two common adverse effects, pain on injection and myoclonus, 4 that have been widely studied in the literature. Pain on injection has been minimized by new fat emulsion of etomidate. 5 However, the etomidateinduced myoclonus is still a clinical problem that has not been solved during the induction of anesthesia. 6 Myoclonus, defined as sudden, brief, involuntary muscle jerks either irregular or rhythmic, has been reported to be as high as 85% of nonpremedicated patients after etomidate administration. 7 Myoclonus can result in serious consequence in patients who had open-global injury, nonfasted emergency patients or those with limited cardiovascular reserves. 8 Several drugs have been proved effective in preventing the incidence of etomidate-induced myoclonus, such as dezocine, 9 lidocaine 10 and midazolam; 11 however, the mechanism of etomidate-induced myoclonus is still unclear. Dexmedetomidine (Dex), a highly selective α2-adrenergic receptor agonist, provides some beneficial effects during the operations, such as sedation, antianxiety effects and analgesia. However, few studies have evaluated the effects of Dex on etomidate-induced myoclonus. Therefore, we conducted this randomized, double-blind controlled trial to investigate the hypothesis that pretreatment with Dex prevents the incidence of etomidateinduced myoclonus during the induction of anesthesia, and the primary endpoint is the incidence of etomidateinduced myoclonus.
Materials and methods
This study was a prospective, randomized, double-blind controlled trial with two treatment arms and was registered at www.chictr.org.cn (number: ChiCTR1800019902). This study was conducted in accordance with the Declaration of Helsinki. Ethics committee approval was obtained from The Affiliated Hospital of XuZhou Medical University and written informed consent was obtained from eligible patients one day before the surgery.
Patients 100 American Society of Anesthesiologists (ASA) 1-2 patients scheduled for elective surgery under general anesthesia were included in the study. Exclusion criteria were: age <18, uncontrolled hypertension, history of epilepsy, bradycardia, heart blocks, heart failure, hepatic failure, psychiatric disease, sepsis or systemic infections, neurological disease, asthma, chronic cough, upper respiratory infection during the 2 weeks before surgery, allergy to Dex, and those who had received analgesics or sedatives within the previous 24 hrs.
Patients were blinded to the group allocation and were randomly assigned into 2 groups in a 1:1 group allocation to receive either Dex (Group D; n=50): Dex 0.5 µg/kg in 20 mL of normal saline or the same volume of normal saline (Group S; n=50). An independent statistician used a computer-generated random number list, and the allocation sequence was concealed in sequentially numbered, opaque, sealed envelopes. An independent research assistant not involved further in the study opened the sealed envelopes at the time of the study drug preparation and prepared the drug using 20-mL syringes labeled as the "study drug" outside the operation room.
Study protocol
Patients were kept fasting for 8 hrs preoperatively, and none of them received any premedication. On arrival at the operating room, baseline heart rate, respiratory rate, noninvasive blood pressure, electrocardiography and peripheral capillary oxygen saturation were recorded. A 20-gauge cannula was inserted into the dorsum of the patient's hand, and subsequently ringer lactate was infused throughout the surgical procedure to deliver the intravenous anesthetics.
Anesthesia was induced with etomidate 0.3 mg/kg for a duration of 30 s by an anesthesiologist who was unaware of the group allocation after 15-min infusion of Dex or normal saline (defined as the time to the onset of action of Dex or normal saline). Two independent outcome assessors, who were also unaware of the group allocation, performed parallel observations of the etomidate-induced myoclonus in seconds for 3 mins after the injection of etomidate using the following grading:
12 0 (none), 1
(mild: movement at the finger or wrist only), 2 (moderate: involving the face and leg), or 3 (severe: generalized response or fast abduction of a limb), and disagreements were solved by discussion. We recorded the highest severity of myoclonus for analysis during the 3-min observation period, and ventilation was assisted with 100% oxygen during the period. From the onset of action of Dex or normal saline to the injection of etomidate, adverse effects were recorded by one anesthesiologist who was blinded to the group allocation and not involved further in the study in order to avoid the bias of the outcome assessors who had observed myoclonus. After the 3-min observation period, rocuronium bromide 0.6 mg/kg and sufentanil 0.3 µg/kg were given to both the groups to facilitate tracheal intubation. Anesthesia was maintained with propofol 4-6 mg/(kg·hr) and remifentanil 0.1-0.3 µg/(kg·min) until 10 mins before the completion of surgery. Mechanical ventilation was administered to maintain an end-expiratory carbon dioxide concentration of 35-40 mm Hg. Residual neuromuscular blockade was antagonized with neostigmine and atropine after completion of surgery. If the systolic blood pressure was <90 mm Hg or the diastolic blood pressure was <60 mm Hg, ephedrine 5-10 mg was administered. If the heart rate was <50 beats/min, atropine 0.5 mg was administered at once.
Measurements
The primary endpoint was the incidence of myoclonus during the first 3 mins following the injection of etomidate, defined as an involuntary, short contraction of some muscle fibers, of a whole muscle, or of different muscles of one group, leading to a short observable movement of the corresponding body part. The secondary endpoints were as follows: the severity of etomidate-induced myoclonus and the incidence of adverse effects from the onset of action of Dex or normal saline to the injection of etomidate, such as dizziness, respiratory depression, bradycardia, hypotension and nausea/vomiting.
Sample size
Sample size was estimated using STATA software 14.0 (STATA Corporation. College Station, TX, USA). The sample size calculation was based on the primary endpoint, the incidence of etomidate-induced myoclonus. Based on the results that were previously published, the incidence of myoclonus in Group S was expected to be around 0.7. Power analysis showed that a reduction in the incidence of myoclonus of 30% with α=0.05 and a 15% dropout rate within a 80% power could be detected with a sample size of at least 50 per group.
Statistical methods
Statistical analyses were performed on an intention-to-treat analysis using the Graphpad Prism 7.0 (GraphPad Software Inc, San Diego, CA, USA). The KolmogorovSmirnov test was used to show normal distribution of the continuous data. Normally distributed data were presented as mean (SD) and were compared using the Student's t-test. Non-normally distributed data were presented as median (IQR) and were compared using the MannWhitney U test. Categorical variables, such as sex, ASA physical status, the incidence of myoclonus and adverse effects, were presented as frequencies (percentages) and were compared using Chi-square test or Fisher's exact test. P<0.05 was considered as significant difference.
Results
Of the 135 consecutive patients assessed for eligibility, 100 met the inclusion criteria and were randomized into 2 groups of 50 patients each. There were no participants were excluded, and all participants' data were analyzed ( Figure 1 ). There were no significant differences in the demographic profile that we evaluated between the two groups (Table 1) .
Pretreatment with Dex allowed a significant 38% reduction in the incidence of etomidate-induced myoclonus (26% vs 64%, RR=0.40, 95% CI=0.239-0.659, P=0.0001). Additionally, pretreatment with Dex significantly reduced the severity level of myoclonus with the median intensity of myoclonus being 1 versus 2 in Group D versus Group S, respectively (P=0.02) ( Table 2) .
There were no differences in the incidence of dizziness, respiratory depression, bradycardia, hypotension or nausea/vomiting among the two groups (Table 3 ). Only two patients from Group D experienced bradycardia and one patient from Group D experienced hypotension. No participants from Group S experienced any of these adverse effects (Table 3) .
Discussion
The present study confirms that pretreatment with Dex 0.5 µg/kg 15 mins before the injection of etomidate can reduce the incidence and severity of etomidate-induced myoclonus. Additionally, no significant differences were found in the incidence of dizziness, respiratory depression, bradycardia, hypotension or nausea/vomiting between the two groups.
Different drugs have been proved effective in preventing the incidence of etomidate-induced myoclonus, such as midazolam, 7 dezocine 13,14 and lidocaine, 10 and there were no obvious adverse effects. However, the exact mechanism of etomidate-induced myoclonus remains unclear. It may be explained by the following reasons for the occurrence of myoclonus. First, spontaneous nerve transmissions may occur when pathways associated with skeletal muscle control become more sensitive with the interruption of GABA neurons. 15 Second, several studies have demonstrated that the etomidate-induced myoclonus might be associated with a seizure-like activity. 16, 17 Third, the inhibitory circuits are depressed earlier than excitatory neuronal circuits after injection of etomidate. 18 Dex, a highly selective α2-adrenergic receptor agonist, can provide many beneficial effects, such as sedation and analgesia, without inducing significant respiratory depression. 19, 20 We found that the incidence of etomidateinduced myoclonus was significantly lower in the Dex group than in the control group, and this result was in concordance with other randomized controlled trials estimating Dex for etomidate-induced myoclonus. [21] [22] [23] One published meta-analysis including 7 articles also demonstrated that Dex could reduce the incidence of etomidate-induced myoclonus. 24 Even though all of the 7 studies adopted randomization methods, 3 of them did not illustrate the specific method. In addition, all of the 7 articles did not mention allocation concealment, and only 3 of them adopted a double-blind method. In our study, patients included the anesthesiologist who administered the etomidate, and outcome assessors were all unaware of the group allocation, which minimized the performance bias and detection bias. Accordingly, the results may be more reliable. Among the dose-dependent hemodynamic changes caused by Dex, hypotension and bradycardia are the two common adverse effects. The study by Luan et al 21 suggested that compared with a dose of 0.5 µg/kg administered, a dose of Dex 1 µg/kg was associated with the higher incidence of hypotension and bradycardia. Therefore, we chose the pretreatment with Dex 0.5 µg/kg in the present study. In our study, one patient experienced hypotension and two experienced bradycardia in the Dex group, respectively. However, these hemodynamic changes were not significantly different between the two groups. Besides, no patient was reported to experience dizziness, respiratory depression or nausea/vomiting. Accordingly, the pretreatment with Dex 0.5 µg/kg was safe and did not increase the incidence of adverse effects.
Several limitations should be taken into consideration in the present study. First, it was powered and designed to detect the efficacy of Dex on preventing the etomidateinduced myoclonus, but not to ascertain the potential benefits of this reduction on specific patients, such as the elder. Second, we only recorded the incidence and severity of etomidate-induced myoclonus except the duration of myoclonus that might help detect differences in the severity of myoclonus. Finally, we only applied Dex 0.5 µg/kg in this study. Therefore, further studies demonstrating the dose-response in specific patients are needed to ascertain the benefits of Dex in preventing the etomidate-induced myoclonus. Third, in the present study, we only compared the effect of Dex on the myoclonus with a placebo, and it is more appropriate for further studies to compare two or more drugs with a known effect on the etomidate-induced myoclonus, such as midazolam. 23 In conclusion, pretreatment with Dex 0.5 µg/kg allows for a 38% reduction in the incidence of etomidate-induced myoclonus, as well as reducing the severity of myoclonus without inducing any adverse effects.
Data sharing statement
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